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Abstract: The various factors related to the morphometric characteristics of patella make it difficult
to produce a standard interpretation of their respective values. A total of 1423 patients participated
in this work. The distribution of Insall–Salvati ratios was investigated, and the upper and lower
limits of two standard deviations were used to define the patellar alta and baja. An additional
method was used, where 2.5% at each end of the distribution was defined as patellar alta and baja.
Ratios in the females and males were 0.92 ± 0.14 and 0.87 ± 0.14, respectively. The ratios were
considerably higher in females than in males (p < 0.05). Ratios defined for patellar alta and baja were
1.19 and 0.68 for females and 1.13 and 0.58 for males, respectively, when two standard deviations
were used. Ratios defined for patellar alta and baja were 1.22 and 0.66 for females and 1.15 and
0.59 for males, respectively, when the extreme 2.5% method was used. No considerable differences
in the patellar alta and baja were observed between the two methods. Patellar alta and baja were
determined in ratios of more than 1.20 and less than 0.64, respectively. No significant differences in
the patellar alta and baja were observed between the genders in the Korean population. Additionally,
two standard deviations of the Insall–Salvati index are recommended for defining patellar alta and
baja for the Korean population. However, we recommended analyzing the histogram distribution for
the population, followed by an analysis of the patellar alta and baja.
Keywords: knee; patellar alta and baja; magnetic resonance imaging
1. Introduction
The patella is one of the important components for the extensor mechanism of the knee joint [1].
It increases the extensor moment arm and the quadriceps’ muscle efficiency. Patellar height is an
essential measurement of knee structure [2], and can help in the evaluation of patellar instability,
knee-joint contracture, and patellofemoral pain [3,4]. Patellar alta and baja denote the extremes of the
relationship between patellar length (PL) and patellar tendon length (TL) [5]. Specifically, patellar
alta is a well-known anatomic risk factor for recurrent patellar instability that may contribute to
patellofemoral pain [6,7]. Insall and Salvati [8] described a method of determining patellar height
depending on the ratio of the length of the patellar tendon to the diagonal length of the patella on lateral
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radiographs. Various techniques such as those developed by Blackburne and Peel [4], Caton et al. [9],
and de Carvalho et al. [10] attempt to classify patellar positions.
There are several ways including ultrasound and magnetic resonance imaging (MRI) to measure
the tendon related with the patellar. Some previous studies have shown that ultrasound is an effective
way to evaluate patellar tendonitis [11–13]. Measurement using ultrasound is inexpensive and can
avoid radiation. However, its quality of measurement to the soft tissues is relatively dependent on
the skill of the operator, and it especially shows a poorly defined outline in chronic cases [14,15].
The measurement using MRI has the advantages of good soft-tissue contrast, anatomical definition and
it can provide anatomical information about bone and ligaments around the knee [16,17]. In addition,
measurements on lateral radiographs are inexpensive and easy to access but they are incapable of
visualizing articular cartilage and providing a variable correlation among the various patellar height
indices. Therefore, MRI is a better option for measuring patellar height [6,18]. Miller et al. primarily
described direct patellar height measurement via MRI data by measuring the patellar articular surface
ratio [18]; the study reported that there is no difference in ratios of patellar height between the
genders [6]. Other studies, however, have reported that the patellar height ratio in females is higher
than that in males [5,19]. The morphometric characteristics are related to genetic, environmental,
and sociocultural conditions and lifestyle, health, and functional status. The variation complicates
providing a standard interpretation of their respective values [20]. Therefore, this study is aimed at
evaluating the patellar-position difference between the genders by using the Insall–Salvati ratio and
MRI. The distribution of Insall–Salvati ratios was investigated, and the upper and lower limits of 2
SD were used to define patellar alta and baja. At each end of the distribution, the extreme 2.5% was
defined as patellar alta and baja. It hypothesized that gender difference exists in TL to PL ratio.
2. Materials and Methods
The MRI results of 1483 patients with osteoarthritis were analyzed in this study. The patients
with any history of osteotomy of the affected limb were excluded. Thus, 1423 patients comprising
1071 females and 352 males participated in this study. The average age of whole, female, and male
patients was 69.3 ± 6.8 (with range 32–90), 69.3 ± 6.7 (with range 32–90) and 69.2 ± 7.0 (with range
49–89), respectively. The institutional review board (no.: 18-DR-02, protocol no.: 3D-MRI according
to gender_1.0) approved this study for demographic data, radiographs, and MRI studies. MRI data
were acquired using a 1.5 T MRI scanner (Achieva 1.5 T; Philips Healthcare, Best, Noord-Brabant,
The Netherlands) with the knees in 0◦ of flexion. Sagittal T1-weighted images were reviewed. MRI
scan data were acquired using high resolution images of 1 mm-thick slice on the sagittal plane of
the tibiofemoral knee joint. For the non-fat-saturation condition, the MRI comprises a sequence of
axial-proton-density. A high-resolution setting was applied to the spectral pre-saturation inversion
recovery sequence (echo time, 25.0 ms; repetition time, 3590.8 ms; acquisition matrix, 512 × 512
pixels; number of excitations (NEX), 2.0; field of view, 140 × 140 mm). PL was evaluated from a
single mid-sagittal image of the patella from the superior articular margin to the distal anterior tip
(Figure 1) [18]. The mid-sagittal image of the patella was selected by determining the number of
sagittal images where the patella was visualized. TL was evaluated in a sagittal image representing
the shortest length by measuring a straight line connecting the patellar and tibial attachments along
the inner margin of the tendon. For each knee joint, the TL/PL ratio was evaluated. The distribution
of TL/PL ratios was investigated, and the patellar alta and baja were defined using the upper and
lower limits of 2 SD [10]; an alternate method was implemented, where the extreme 2.5% at each end
of the distribution was defined as patellar alta and baja [5]. All measurements were recorded by a
well-trained observer. To determine the intra-observer and inter-observer variabilities, 100 MRI scans
(50 for female and 50 for male patients) were re-measured by the identical observer and also by a
second observer more than six weeks from when the initial measurements were recorded.
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Figure 1. Sagittal T1-weighted magnetic resonance images (MRI): patellar length (PL) and patellar 
tendon length (TL) measured using Insall–Salvati methods. 
Statistical Analysis 
We performed statistical analyses using SPSS (version 12.0; SPSS, Chicago, IL, USA) for 
Windows, and the Student’s t-test was performed to evaluate the significance of the differences 
between the genders. Probability (p) values below 0.05 were considered as statistically significant. 
The interclass correlation (ICC) was applied to determine intra-observer and inter-observer 
variabilities. A post hoc power analysis was performed for the TL/PL ratio between the two groups 
using G power 3.1.9.4. The t-test was used for the comparison of the two independent groups. The 
alpha value was 0.05, and the calculated statistical power was 100.0%. The power analysis 
determined that 1423 patients are a sufficient sample size as our power value (100.0%) is higher than 
80.0%, which was the previously used value [21]. 
3. Results 
No significant difference was shown between the groups (Table 1) regarding demographic 
information such as age and body mass index (BMI). The range of the TL/PL ratio for the patients 
was between 0.43 and 1.55, and the average was 0.92 ± 0.14. The TL/PL ratios in females and males 
were 0.94 ± 0.14 and 0.87 ± 0.14, respectively. The TL/PL ratio was considerably higher in females 
than in males (p < 0.05). The results exhibited a symmetric curve in a histogram (Figure 2). 
Table 1. Comparison of the age, TL, PL, TL/PL ratio among the Korean population.  
Parameter 
Whole Patients 
(n = 1423) 
Female 
(n = 1071) 
Male 
(n = 352) p-Value  
(Female Versus Male) 
Mean ± SD (Range) Mean ± SD (Range) Mean ± SD (Range) 
Age 
69.3 ± 6.8 
(32, 90) 
69.3 ± 6.7 
(32, 90) 




37.3 ± 4.8 
(15.4, 53.2) 
36.9 ± 4.5 
(20.4, 51.8) 




40.9 ± 3.8 
(21.8, 56.9) 
39.6 ± 2.9 
(21.8, 54.8) 
44.9 ± 3.4 
(31.6, 56.9) 
<0.05 
Figure 1. Sagittal T1-weighted magnetic resonance images (MRI): patellar length (PL) and patellar
tendon length (TL) measured using Insall–Salvati methods.
Statistical Analysis
We performed statistical analyses using SPSS (version 12.0; SPSS, Chicago, IL, USA) for Windows,
and the Student’s t-test was performed to evaluate the significance of the differences between the
genders. Probability (p) values below 0.05 were considered as statistically significant.
The interclass correlation (ICC) was applied to determine intra-observer and inter-observer
variabilities. A post hoc power analysis was performed for the TL/PL ratio between the two groups
using G power 3.1.9.4. The t-test was used for the comparison of the two independent groups. The alpha
value was 0.05, and the calculated statistical power was 100.0%. The power analysis determined that
1423 patients are a sufficient sample size as our power value (100.0%) is higher than 80.0%, which was
the previously used value [21].
3. Results
No significant difference was shown between the groups (Table 1) regarding demographic
information such as age and body mass index (BMI). The range of the TL/PL ratio for the patients was
between 0.43 and 1.55, and the average was 0.92 ± 0.14. The TL/PL ratios in females and males were
0.94 ± 0.14 and 0.87 ± 0.14, respectively. The TL/PL ratio was considerably higher in females than in
males (p < 0.05). The results exhibited a symmetric curve in a histogram (Figure 2).
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Figure 2. The distribution of the Insall–Salvati index (ISI) for the whole sample: a symmetrical curve; 
the thick solid line shows the mean (0.92), the thin solid lines show the normal range from the 
previous study (0.8, 1.20) [9], the broken lines show the normal range using 2 SD from the mean (0.64, 
1.20), and the dotted line shows the normal range using the extreme 2.5% at each end of the 
distribution (0.65, 1.19). 
Patellar alta and baja ranges were more than 1.2 and less than 0.64, respectively, for the patients 
with 2 SD. The ratios delineated for patellar alta and baja were 1.22 and 0.66 for females and 1.15 and 
0.59 for males, respectively, when 2 SD was used. Patellar alta and baja ranges were more than 1.19 
and less than 0.65, respectively, for the patients for the extreme 2.5%. Ratios defined for patellar alta 
and baja were 1.19 and 0.68 for females, and 1.13 and 0.59 for males, respectively, for the extreme 
2.5%. No considerable difference was shown between the two different methods for dividing 
patellar alta and baja. The intra-observer error was 0.89, and the inter-observer error was 0.92; these 
were calculated using the ICC method. 
4. Discussion 
The key finding that can be derived from this study is that there are differences in the TL/PL 
ratio between genders. Further, the TL/PL ratio is significantly higher in females than in males. 
However, there is no difference in the patellar alta and baja between the 2 SD method and the 
extreme value method. 
The joint-reaction-force on the patellofemoral joint is associated with the patellar height. 
Patellar alta is a condition related with malalignment of patellofemoral joint and a reduced 
patellofemoral contact area; it leads to patellofemoral pain and instability [22,23]. Patellar baja is 
related with restricted motion of the knee, called Osgood–Schlatter disease, and patellofemoral 
arthritis [24,25]. Realignment yields a satisfactory outcome in the cases of patellar malalignment or 
malposition [26]. It is important to shift the tendon insertion both medially and distally in order to 
perform a patellar-tendon transfer for patellar subluxation [27]. Patellofemoral arthritis may occur if 
the patellar tendon is rerouted too far distally as the articular surface of the patella is forced against 
the femoral condyles. Patellar tendon transfer must be performed only when the patellar height is 
clearly abnormal. Therefore, there is a requirement for a clear definition of the normal patellar 
Figure 2. The distribution of the Insall–Salvati index (ISI) for the whole sample: a symmetrical curve;
the thick solid line shows the mean (0.92), the thin solid lines show the normal range from the previous
study (0.8, 1.20) [9], the broken lines show the normal range using 2 SD from the mean (0.64, 1.20),
and the dotted line shows the normal range using the extreme 2.5% at each end of the distribution
(0.65, 1.19).
Patellar alta and baja ranges were more than 1.2 and less than 0.64, respectively, for the patients
with 2 SD. The ratios delineated for patellar alta and baja were 1.22 and 0.66 for females and 1.15 and
0.59 for males, respectively, when 2 SD was used. Patellar alta and baja ranges were more than 1.19
and less than 0.65, respectively, for the patients for the extreme 2.5%. Ratios defined for patellar alta
and baja were 1.19 and 0.68 for females, and 1.13 and 0.59 for males, respectively, for the extreme
2.5%. No considerable difference was shown between the two different methods for dividing patellar
alta and baja. The intra-observer error was 0.89, and the inter-observer error was 0.92; these were
calculated using the ICC method.
4. Discussion
The key finding that can be derived from this study is that there are differences in the TL/PL
ratio between genders. Further, the TL/PL ratio is significantly higher in females than in males.
However, there is no difference in the patellar alta and baja between the 2 SD method and the extreme
value method.
The joint-reaction-force on the patellofemoral joint is associated with the patellar height. Patellar
alta is a condition related with malalignment of patellofemoral joint and a reduced patellofemoral
contact area; it leads to patellofemoral pain and instability [22,23]. Patellar baja is related with restricted
motion of the knee, called Osgood–Schlatter disease, and patellofemoral arthritis [24,25]. Realignment
yields a satisfactory outcome in the cases of patellar malalignment or malposition [26]. It is important
to shift the tendon insertion both medially and distally in order to perform a patellar-tendon transfer
for patellar subluxation [27]. Patellofemoral arthritis may occur if the patellar tendon is rerouted too
far distally as the articular surface of the patella is forced against the femoral condyles. Patellar tendon
transfer must be performed only when the patellar height is clearly abnormal. Therefore, there is a
requirement for a clear definition of the normal patellar position in the knee. Several techniques have
been developed for performing radiological evaluation of patellar height [4,8–10]. The Insall–Salvati
ratio is independent of the degree of knee flexion and is a simple method to evaluate [18]. In the
Blackburne–Peel method, there is no consideration of patellar ligament when assessing the patellar
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height [4]. In general, squatters have a higher range of knee flexion. The presence of the quadricipital
groove that results from patellar ligament pressure against the upper end of the tibia makes projecting a
forward line along the tibial plateau difficult [28]. It yields different results for squatters. Thus, grading
the patellar level in relation to the tibial plateau is not appropriate for assessing the patellar position
in squatters. By comparing the Insall–Salvati ratio measurements on MRIs to those on radiographs,
it has been demonstrated that the ratio can be measured more precisely on MRIs [18]. Based on
the previously conducted studies, the size of abnormal patellar to length of patellar tendon, defined
by the Insall–Salvati ratio, is too frequent to be regarded as abnormal [5]. It led to measurement
of the Insall–Salvati ratio in a large population that was referred for clinical knee MRI examination.
In addition to lateral radiographs, MRIs are increasingly being used for analyzing patellofemoral
anatomy in patients with patellofemoral instability. Orthopedic surgeons use MRIs to evaluate the
patellar height, but traditional cutoff values of patellar height ratios based on lateral radiographs
are not comparable to these MRI values. Our study yields a TL/PL ratio that is smaller than those
reported in previously conducted studies [5,6,8,18]. Only two previous studies, similar to our study,
yielded a TL/PL ratio less than one [29,30]. TL/PL ratios in the study conducted by Narkbunnam
et al. and our study were 0.961 ± 0.14 and 0.92 ± 0.14, respectively [29]. As previously mentioned,
morphometric characteristics are determined by sociocultural, environmental, and genetic conditions
and by functional, health, and lifestyle status. In addition, the patellar positions in the population of
South China are 15–20% higher than that in the population of West China [31]. This may be because
there is the constant stretching effect over the patellar tendon during squatting and kneeling, which are
common activities in India, Japan, China, and the Middle East [1]. This trend is opposite to that reported
in our study. However, the population considered in our study consisted of Asians who were old-age
patients and found it less comfortable to perform such activities. Therefore, the obtained results are
reasonable. Our results indicate that the TL/PL ratio is higher in females than in males. The TL/PL ratios
in females and males were 0.94 ± 0.14 and 0.87 ± 0.14, respectively, in our study. These results show
good agreement within other studies that found higher TL/PL ratio for females [5,6,8,18]. However,
some other studies have demonstrated the opposite trend [32]. The mean TL/PL ratio for 100 males
and females each were found to be 1.41 and 1.28 in the population of South India [32]. No significant
differences in TL/PL ratios between males and females were reported in a previous study [18]. Likewise,
Schlenzka and Schwesinger [33] and SoeJbjerg, et al. [34] found the ratio to be independent of gender.
However, a difference in TL/PL ratio between the genders was found in our study. Such a trend has
also been found in other studies [5,8]. The TL/PL ratio is a reliable and general index to estimate
the height of the patella. We can see that different studies show inconsistent results in the gender
difference of TL/PL. In this study, a much wider Korean population was examined. In addition, our
results indicate a slightly skewed distribution that shows a mean ratio of 0.92. Therefore, we defined
patellar alta and baja with the 2 SD method and the extreme 2.5% method. Two SD at the other end,
where the curve is more moderate, include more than the extreme 2.5% [5]. These results can explain
why in previous studies patellar alta appeared more common than patellar baja [5]. Our results show
slightly skewed distribution but there was no difference between the 2 SD method and extreme 2.5%
method. It showed a slightly skewed distribution but there is no problem with investigating alta
and baja using the 2 SD method. In the extreme 2.5% method, there are 34 (2.39%) in alta and 35
(2.46%) in baja, in the 2 SD method, there are 27 (1.90%) in alta and 30 (2.11%) in baja. However,
in Insall and Salvati’s previous article, 95% of the population fell within the ratios of 1.00 ± 20%; thus,
defining the normal limits [8]. If the identical numeric criteria of 1.00 ± 20% were applied to our
population, 27 knees of 1423 patients (1.9%) would be determined as patellar alta and 282 (19.8%)
patellar baja. We also recognize that our population of patients with painful knees is biased, but it
is fairly likely to represent a large group of patients undergoing clinical MRI knee examinations.
Our results are replicated by other groups to ensure the transferability of our conclusions to different
populations. The TL/PL ratio is one of the indices of the patellar position in the patellofemoral joint.
The Q-angle is also an index of patellofemoral stability in males and females of identical height [35].
Appl. Sci. 2020, 10, 8842 6 of 8
The patella articulates with the trochlear at high degrees of flexion [35]. Patellar alta may contribute
to contact friction between the posterior region of the patellar tendon and femoral condyles before it
articulates with the trochlear. Its gender dimorphism may help explain the difference in patellofemoral
biomechanics. The gender dimorphism of the Insall–Salvati ratio of the patellar tendon may help
explain the difference in prevalence of tendinopathy between the genders and the regional distribution
of forces in the patellar tendon [35]. We studied a wider group without symptoms, and disregarded
history and other MRI findings. In addition, we did not make an attempt to determine if patients were
at the extremes of the TL/PL ratios with patellofemoral symptoms or patellofemoral MRI abnormalities.
Further works will be required to evaluate whether it is clinically relevant to define populations as
having patellar alta or baja, whether TL/PL ratio has clinical significance, and if it is truly related to
numerous forms of patellofemoral disease. However, a previous asymmetric distribution study has
suggested not to use 2 SD of the population when defining patellar alta and baja [5].
We do not recommend patellar alta as TL/PL > 1.2 and patellar baja as TL/PL < 0.8 in assessing
patellar alta and baja. We recommend analyzing histogram distribution in that population followed by
analyzing alta and baja. There are three limitations in this study; first, there is a lack of ethnic diversity
in the population of this study and the results cannot represent other populations. Second, we did
not make an attempt to determine if patients at the extreme ends of TL/PL ratios had patellofemoral
symptoms or patellofemoral MRI abnormalities. Third, anatomical evaluation was conducted on
the osteoarthritis patients and this patient-bias has probability to cause statistical differences from
data of healthy people. In conclusion, we determined patellar alta and baja as a TL/PL of more than
1.20 and less than 0.64, respectively, for a Korean population. It was found that a gender difference
exists for patellar alta and baja in this Korean population. In addition, the Insall–Salvati index 2 SD is
recommended for dividing patellar alta and baja in the Korean population.
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